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Dear Sir: 

We, Yasuyuki GOTO and Mitsuharu NOTO, being duly sworn, depose and say: 

1. We are the co-inventors of the patent application identified above and we are the co- 
inventors of the subject matter described and claimed therein. 



2. Prior to January 29, 2002, the effective date of the Seo et al. reference (U.S. Patent 
Application Publication No. 2002/0101154 Al - hereinafter "Seo"), we conceived 
our invention as described and claimed in the subject application in this country, a 
NAFTA country, or a WTO member country. 
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3. Our invention was conceived in full, and due diligence was used to reduce it to 
practice, for example, by improving on further embodiments of the invention. As 
evidence that our work antedates Seo, we refer to: "Material for 01 1 1 16 Study Group 
Meeting," attached hereto as Exhibit A, which is an English translation of a 
corresponding Japanese document, attached hereto as Exhibit C; and "Material for 
001215 Study Group Meeting," attached hereto as Exhibit B, which is an English 
translation of a corresponding Japanese document, attached hereto as Exhibit D. 
These materials are in-house documents. We declare that these documents (Exhibits 
C and D) were created by us before January 29, 2002. 

4. Claims 1 1-22 are rejected as anticipated by Seo in our application. The descriptions 
of Exhibits A and B support the subject matters of claims 11-18. 

5. With respect to the subject matter of independent claim 11, both Exhibits A and B 
disclose a plurality of organic compound layers disposed between an anode and a 
cathode. Exhibit A discloses a layer of N,N'-bis(3-methyJphenyl)-N,N , -bjs(phenyJ)- 
benzidine ("TPD"), a layer of 4,4-bis(carbazole-9-yl)-biphenyl ("CBP"), and a layer 
of i,3-bis[5-(p-tert-butyiphenyl)-l,3,4-oxadiazole-2-yl]benzene ("OXD-7"), all of 
which are organic compounds, disposed between an indium-tin-oxide ("ITO") anode 
and an aluminum ("Al") cathode. Exhibit A, page 1, lines 24-26. Exhibit B 
discloses a layer of TPD, a layer of CBP, a layer of bathocuproine ("BCP"), and a 
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layer of tris(8-hydroxyquinoline) aluminum ("alq"), all of which are organic 
compounds, disposed between an ITO anode and an aluminum-lithium ("AlLi") 
cathode. Exhibit B, page 1, lines 27-31. In addition, both Exhibits A and B disclose 
an inorganic compound dispersed in one of the organic compound layers, thereby 
changing the luminescent color. Exhibit A discloses a CBP layer doped with EuBr2 
and further with Csl, accompanied by a change in the luminescent color. See, e.g., 
Exhibit A, page 1, lines 32-34 ("As Fig. 1 shows, Eu2+ light emission having a peak 
at approximately 470 nm is observed in the low-current region. On the other hand, in 
the high-current region, sufficient energy transfer does not take place and CBP blue- 
light emission is observed "). Exhibit B discloses a CBP layer doped with Eul 2 , 
accompanied by a change in the luminescent color. See, e.g., Exhibit B, page 1, line 
39 ("Fig. 3 indicates that in element (1), CBP light emission remains."). These 
descriptions support the subject matter of claim 1 1 . 

6. Claim 12 depends from claim 11. With respect to the additional subject matter of 
claim 12, both Exhibits A and B disclose that luminescence of the inorganic 
compound is achieved by a direct current voltage. For example, both Exhibits 
present plots of luminance (cd/m 2 ) against current density (mA/cm 2 ) (shown as the 
second figure of Exhibit C and the first figure of Exhibit D). These descriptions 
support the additional subject matter of claim 12, 
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7. Claims 13 and 14 depend from claims 1 1 and 12, respectively. With respect to the 
additional subject matter of claims 13 and 14, both Exhibits A and B disclose that a 
part of the inorganic compound is replaced to change the luminescent color. Exhibit 
A discloses replacing "3CBP:lEuBr 2 " by "3CBP:0.5CsI:0.5EuBr 2 ," accompanied by 
a change in the luminescent color. See, e.g., Exhibit A, page 1, lines 35-36 ("It is 
believed that these [light emission characteristics"] will be improved by optimizing 
the doping concentrations.") and lines 39-41 ("The maximum luminance of the 
element [(1)] in this experiment was 183 cd/m2 (current density 458 mA/cm 2 , 
voltage 13 V). This was a significant improvement compared to the maximum 
luminance of 40 cd/m 2 of element (2)."). Exhibit B discloses replacing 
"lEuI 2 :2CBP" by "1EuI 2 :10CBP," accompanied by a change in the luminescent 
color. Compare, e.g., Figs. 2 and 3 of Exhibit B (shown as the second and third 
figures of Exhibit D). These descriptions support the additional subject matter of 
claims 13 and 14. 

8. Claims 15, 16, 17, and 18 depend from claims 11,12, 13, and 14, respectively. With 
respect to the additional subject matter of claims 15-18, both Exhibits A and B 
disclose that the inorganic compound is a metallic compound. Exhibit A discloses 
"Csl" and EuBr 2 " and Exhibit B discloses "Eul 2 ." Since it is well-known in the art 
that Cs and Eu are both metal atoms, these descriptions support the additional subject 
matter of claims 15-18. 
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9. We further declare that all statements made herein of our own knowledge are true 
and that all statements made on information and belief aro believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing 
thereon. 



Dated: 







MitsuharuNOTO, Co-Inventor 
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1 . Objective 

In our past research, we have found that it is possible to dope an organic 
10 semiconductor with a light-emitting inorganic salt and cause the inorganic salt to emit light. 
However, these light emissions were significantly different from the light-emission 
spectrum associated with the powder state and were a broad light emission strongly 
influenced by the crystal field (heptacoordinate Eu 2+ ). 

15 We believed this to be due to insufficient crystal growth of the inorganic salt. Thus, 

this time we conducted an experiment with the aim of obtaining a sharp Eu + blue-light 
emission by doping the organic semiconductor CBP with the light-emitting inorganic salt 
EuBr2 and further with Csl as a host material of the inorganic salt. 



20 



25 



30 



2. Experiment 

The elements we prepared in this experiment are as follows. 
(l)ITO/TPD(50nm)/3CBP:0^ 

(2) ITO/TPD(50nm)/3CBP: lEuBr2(25nm)/OXD-7(50nm)/LiF/Al 

3. Experimental results and observations 



Fig. 1 shows the light-emission spectra of the elements obtained in this experiment. 
As Fig. 1 shows, Eu2+ light emission having a peak at approximately 470 nm is observed 
in the low-current region. On the other hand, in the high-current region, sufficient energy 
transfer does not take place and CBP blue-light emission is observed. Also, in the long- 
35 wavelength region, broad light emission was observed. It is believed that these will be 
improved by optimizing the doping concentrations. 

Fig. 2 shows the current-luminance characteristics of the element in this experiment. 
The maximum luminance of the element in this experiment was 183 cd/m2 (current density 
40 458 mA/cm 2 , voltage 13 V). This was a significant improvement compared to the 
maximum luminance of 40 cd/m 2 of element (2). 
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I. Preparation of a hybrid EL element doped with EuI2 
1. Objective 

10 

Recently, much attention has been given to organic EL elements that take advantage 
of light emission from the excited triplet state. However, aside from some organic 
compounds and heavy-metal complexes, light emission from the excited triplet state, i.e., 
phosphorescence, has almost never been observed at room temperature. Also, it has been 
1 5 stated as to these that light emission in the blue-light region at room temperature is difficult 
in view of its light-emission mechanism. 

In this experiment, we used the inorganic salt EuI2, which emits light from both the 
sextet and octet spin states, to dope the representative organic EL host material CBP and 
20 studied its EL characteristics. 



2. Experiment 

25 We show the structures of the elements prepared in this experiment below. 

1 ITO/TPD/ 1 EuI2: 1 OCBP/BCP/alq/AlLi (1 .3% (v/v) doping concentration 
when converted to standard organic matter) 

30 2 ITO/TPD/ 1 EuI2: 2 CBP/BCP/alq/AlLi (7.0% (v/v) doping concentration 

when converted to standard organic matter) 



3. Results and observations 

35 

Fig. 1 and Fig. 2 show the current-luminance characteristics and the EL spectrum of 
element (2). Also, Fig. 3 shows the EL spectrum of element (2). 

Fig. 3 indicates that in element (1), CBP light emission remains. Also, it can be seen 
40 that the more current flows, the higher the peak on the long-wavelength side becomes. In 
general, the greater the exciton density, the stronger the excimer and exciplex peaks 
become. Thus, it can be seen that the peaks on the long-wavelength side are not peaks 
originating from exciplexes or excimers. 
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In element (1) (Fig. 2), only a peak that was completely on the long-wavelength side 
was observed. Spectrum of 850 nm or higher could not be measured due to limitations in 
the detecting equipment. Thus, a Gaussian peak was assumed, and since good consistency 
5 was found upon performing a fitting, extrapolation was carried out. As a result, it is 
estimated that the peak tail extends to around 1000 nm. 

The maximum external quantum efficiency obtained from the spectrum and 
luminance was 0.18% (0.2 cd/m2, 7.13 mA/cm2). 

10 

It is believed that further improvements in luminance and efficiency are possible by 
optimizing the host and doping concentrations. 

On the other hand, with the PL in which CBP was doped with EuI2, only weak 
1 5 fluorescence derived from CBP was observed, and the broad peak on the long-wavelength 
side that was observed with EL was not observed. Also, in the absorption spectrum, 
absorption derived from EuI2 was observed as well (literature value 341 nm, measured 
value 347 nm). This indicated that EuI2 doping was present. 

20 Based on the above, it can be surmised that the light emission in the EL long- 

wavelength region is a phenomenon specific to EL and that this is taking place due to 
energy transfer from CBP. When light excitation of CBP is performed, almost no triplets 
are generated. On the other hand, in an EL, a triplet state is generated directly from the 
recombination of a positive hole and an electron. Thus, it is believed that EuI2 emitted light 

25 due to energy transfer from the triplet state. 

It has been reported that with Eu2+ in inorganic fluorescent bodies, combinations 
with different host materials result in shifts from purple to yellow. However, the peak value 
of the emitted light from this experiment is 687 nm. 

30 

It is necessary to investigate its assignment in the future. 



[Figure captions] 

35 

Fig. 1 . Current-luminance characteristics 
Fig. 2. EL spectrum 

[curve toward left] Standard luminosity curve 
40 [curve toward right] Actual measurement 
[rightmost segment in red] Gaussian fitting 

Fig. 3. Current dependency of the EL spectrum of element (1) 
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Fig. 4. PL and the absorption spectra of thin films vapor-deposited on quartz substrate 
[arrows] Stray light 



Page 3 of 3 



011116^1^^4 

1. Bti 

rfttt. Mitt* +#KMJ&Jt iof, ^ra^frc B 
Pfc«3t1t«ttWIEuBr2, SkKfWfiO*.* htm* UT Csl £ K-7Lf-t—7* 

2. HM 

®ITO/TPD(50nm)/3CBP:0.5Csl:0.5EuBr2(25nm)/OXD-7(50nm)/LiF/Al 
© ITO/TPD(50nm)/3CBP: lEuBr2(25nm)/OXD-7(50nm)/LiF/Al 

m2\c^mnm*<»mfo-n&.<ftyL*^-t. ^moat^ttfrnns. i83cd/m2 

458mA/cm\ flffi 13 V) T*foofc„ C4xtt,©^Oft^iffg40cd/m 2 ^Jtt!5L^i|llcKS 




Current Density (raA/cra 2 ) 



001215tttt*j*#4 



I . EuI2 £ K-^Ufc/W^D y KE L 
1. gft 

2. 

1 ITO/TPD/ 1 EuI2 : lOCBP/BCP/alq/AJLi (Hftftfc^lSM&KBIg K— / 

sai.3% (v/v) ) 

2 ITO/TPD/ 1 EuI2 : 2 CBP/BCP/alq/AlLi (— «rW<C 5 fr«Mfclc*3» UfeW^W K-7 
itg 7.0% (v/v) ) 

3. *sn&u;#iss 

if&m&mco f-^«</j:ot^<;iw>5. -jfttas ±# 5 fa <t*^ * 
^±co x ^ * h /Hiiy^T £ ft a>o it J; o t# » >r v tf- * t <SM 1 7 y •? ^ v 

h^&U f »Jl^^ft^^l:-?^^^**7t^^,0.I8%(0.2cd/m2 v 7.13mA/cm2) 
CBP [z EuI2 tK-nfcPL "Ctt CBP [z& jfe^ -5 BV ^ ft Lt^m § ftf E L 



EuI2Kfc3K1-*ftlKt)tt«S;h,fc (£»ffi341nm % iijsgfg 347nm) , - ft «fc 19 , EuI2 [* K 

J£A± J: 9 E Lft&JHHtt08%t*E L#WWlttfc OCB P JM^HMftfc 

K ELTttiEai«^»ff»*lcJ:9iI»H**ttlB*»4iai-«. .fcot^HSgitt 
ttft'b ©**>l«¥-fM&fc «t 9 EuI2 #«}fc Lfc t #x feft 5. 

i»<7>*)l6ft:t*J»t4Bu2+Ht, htm* ro»#£fc#T*a»feftfe* Tits'? 

hi**ii*««#$ftTV»*. UJ»Lfc#e>, 4"llIO*3tObr-^iI«:687nm-C*>5. 




Hi. miiS-«?S^tt 



I2000-1 




Wavelength (nm) 



02. EL^ hA' 




—I ■ 1 ' 1 I 1 1 1 ' f— 

300 '100 500 fiOO 700 800 

wavelength (nm) 



03. if®roE h/uromwttfftt 




wavelength (nm) 



14. K%&fo_k\zm*Ltzmm<DPLRxfwi&x-<? s/u 



